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Question
What causes the ghosting effects on chalkboards?

Raman Comparison of the Pure Compounds and Crayola Chalks

NMR and LCMS
Figure 13: Crayola Anti-Dust Chalk proton NMR
The peak at 7.25 ppm is the solvent, CDCl3.

Figure 1: Can you read
this erased text from the
chalkboard? (Answer at
the bottom of poster.)

Results

Abstract
Chalkboard ghosting is a faint image on a chalkboard's surface after writing is erased. Many types of
chalk leave a positive image, while the Crayola An-du-septic Anti-dust chalk leaves a negative image. To
better understand what cause the ghosting effects, two different types of Crayola chalk (regular and antidust) were investigated. Raman spectroscopy and infrared (IR) spectroscopy were used to determine the
majority material the chalk was made of, by comparison with pure substances. To identify the organic
compound binders holding the chalk sticks together, pulverized chalk was immersed in 40 mL of toluene
for at least 30 minutes. After the chalk particles were removed and the toluene evaporated, NMR and
LC-MS of the residue (in CDCl3) were taken. Crayola An-du-septic anti-dust chalk is composed of calcium
carbonate bound with a mixture of long carbon chain fatty acids. Crayola regular chalk is composed of
calcium sulfate dihydrate bound with glycerol-based fatty acid esters. We hypothesize that the differences
in the binders is primarily responsible for the different ghosting behavior. The anti-dust fatty acid binder
adheres to the surface of the board, and after erasing, the chalk dust does not stick where the fatty acid is,
leaving a negative image. The regular chalk fatty acid ester binders adhere to the board and also to the
chalk dust, leaving a positive image. It also appears that calcium sulfate is harder to erase than calcium
carbonate.

Figure 14: Crayola Anti-Dust Chalk LCMS Total Ion Chromatogram
The formulas were obtained from the exact mass values from the mass spectra

Figure 7: Pure Compound Raman
The large peak at 1400 cm-1 is due to the glass
slide. Differences in the 1000-1100 cm-1 region
are explained below.

Figure 8:Crayola Chalk Raman
The large peak at 1400 cm-1 is due to the
glass slide. Differences in the 1000-1100 cm-1
region are explained below.

C20H25O4
C16H21O4
C17H15O

C20H34NSO4

Figure 15: Crayola Regular White Chalk proton NMR
The peak at 7.25 ppm is the solvent, CDCl3.

Background
Professors have noticed for years that certain chalks are very difficult to erase completely, and this fact
has ranged from mildly annoying to potentially allowing students to see information from a previous class
that they shouldn’t see during a quiz or test. More recently, professors have noticed that the anti-dust
chalk provided in the classrooms is difficult to erase for a different reason: it leaves a negative image in
the chalk dust. This project investigates the reasons for those different behaviors.

Methods
• Laboratory Mortar
and Pestle
• Chalks
• Vials
• 1 mL of 3M HCl
• 10 mL Water

Figure 2: Sample after
1 mL of 3M HCl, 10 mL
of water and 0.45g of
Crayola Chalks
powders.

Making the Microscope Slide to use in Raman Spectroscopy
•
•
•
•
•

Microscope Slides
Ground Chalk Powder
Spatula
Filter Paper
Tape

Figure 3: Crayola regular
white chalk and Crayola antidust chalk.

Figure 9: Pure Compound Raman
expanded view: 600 through 1400 cm-1
Calcium sulfate and calcium carbonate
show distinctly different wavenumber values
in the 1000-1100 cm-1 region.

Figure 10: Crayola Chalk Raman
expanded view: 600 through 1400 cm-1
The white chalk peak at 1025 cm-1
corresponds to the calcium sulfate peak in
Figure 9. The anti-dust chalk peak at
1075 cm-1 corresponds to the calcium
carbonate peak in Figure 9.

IR Comparison of the Pure Compounds and Crayola Chalks

C17H15O
C20H34NSO4

Conclusions
Crayola regular chalk is mainly calcium sulfate and
Crayola anti-dust is mainly calcium carbonate, as
shown by the comparison of Raman and IR data
(figures 8,10,12) with pure compounds (figures 7,9,11).

.

Using Raman Spectroscopy and Infrared Spectroscopy to compare the chalk samples with pure
compounds
Figure 4:
Pure
Compounds
microscope
slide used in
Raman.

Figure 5:
Raman
sample holder
used for this
experiment.
Laser
wavelength:
785 nm

Figure 16: Crayola Regular White Chalk LCMS Total Ion Chromatogram
The formulas were obtained from the exact mass values from the mass spectra

Crayola anti-dust chalk has long chain fatty acids as
binders, as evidenced by the NMR data and LCMS data
(figures 13 and 14).
Crayola regular white chalk has glycerol fatty acid
esters as binders, as evidenced by the NMR data
LCMS data (figures 15 and 16).
Figure 6: IR used to collect data
for this experiment using the
Attenuated Total Reflectance
mode.

Figure 11: Pure Compounds IR
Calcium Sulfate and Calcium Carbonate
show different wavenumber values in the
1400-1100 cm-1 region.

Figure 12: Crayola Regular White Chalk and
Anti-Dust Chalk IR
Crayola Regular White Chalk peaks at 600,
700 and 1100 cm-1 agree well with calcium
sulfate peaks in figure 11. Crayola Anti-Dust
Chalk peaks at 850 and 1400 cm-1 agree well
with calcium carbonate peaks in figure 11.
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Answer to Figure 1 Question: Anti-Dust and Regular

